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I n addition to the variola (smallpox) virus (an ortho-
poxvirus) the poxvirus family includes many viruses

that are potentially pathogenic for humans. These include
the molluscipoxvirus (molluscum contagiosum), the
parapoxvirus (milker's node virus, orf virus), and other
orthopoxviruses. The latter include the species "cowpox
virus" and have been known in Europe since Jenner
introduced the smallpox vaccine. For years, however,
coxpox virus has not been transmitted by cows but by
infected cats (1–4). In humans, the virus causes mostly
self limiting local infection after an incubation period of
8–12 days; however, severe clinical courses have been
described, and the death of an immunocompromised
patient with atopy has been reported (5). 

The reservoir for cowpox virus is symptomatically
and asymptomatically infected wild rodents that may
infect hunting cats. In addition to cats, cowpox virus
related illness has been reported in Germany in several
species of zoo animal (6). The literature contains indi-
vidual case reports of cowpox infections in humans after
direct contact with wild rats (Rattus norvegicus) (7, 8).

Since cowpox infections with virus characterization
in humans were first scientifically described in the first
half of the 20th century (9), less than 200 cases of infec-
tion with this causative agent have been registered in
Europe. On the basis of relevant gene sequences, all these
were individual cases caused by single viral strains. 

For the first time, and thus far not described, a cluster
of 4 cases of infection with cowpox virus of an identical
strain was observed in the Krefeld area in the spring of
2008. In all cases, infection was apparently transmitted
by white pet rats (Latin: Rattus norvegicus forma
domestica; also known as fancy rat). Two further cases
were diagnosed in November 2008. Since December
2008, case reports of this viral strain and transmission
mode from various German regions have been on the
increase, and individual reports have also been received
from neighboring countries. 

Case reports and results
Case 1 
In March 2008, a 15 year old girl presented to the
dermatological department at the HELIOS Klinikum
Krefeld, after 5 days of antibiotic treatment prescribed
by her primary care physician for several papular lesions
with surrounding erythema on her forehead, neck,
shoulder, and thumb had not resulted in any improvement.
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Additionally, the patient complained of general malaise,
headache, and fever.

Clinical examination ascertained pronounced cervical
lymphadenitis in addition to the lesions, which were
starting to ulcerate (figure 1). Laboratory tests were
inconspicuous, with the exception of raised C-reactive
protein (to 25 mg/L [normal value <3 mg/L]). A wound
swab from the forehead lesion grew meticillin sensitive
Staphylococcus aureus. 

In spite of treatment with ampicillin/sulbactam, the
lesions developed into hemorrhagic ulcers with black
scabs or crusts and erythematous, edematous margins
(figure 2). An additional lesion developed on the girl's
tongue. A biopsy was taken from the shoulder, among
others to rule out atypical mycobacteriosis. 

During a further, detailed medical history, the patient
reported having purchased a fancy rat in a pet shop in
Duisburg 2 weeks before she had become ill. The rat had
developed a respiratory infection and had died within a
few days, in spite of antibiotic treatment given by the
vet. She reported playing with and petting the rat, but
she hadn't been bitten.

On the basis of this information, a differential diag-
nosis of infection with orthopoxvirus or parapoxvirus
was considered, and a scab specimen and serum were
sent for testing to the reference laboratory for poxviruses
at the Robert Koch Institute (RKI). Electron microscopic
examination and real time polymerase chain reaction
(PCR) and sequencing confirmed cowpox virus (10).
The serum contained high antibody titers against ortho-
poxviruses (immunofluorescence test, IgG 1:2560/IgM
1:640). 

The lesions gradually healed over several weeks and
formed non-inflamed flat scars.

An attempt to exhume the rat for veterinary inves-
tigations remained unsuccessful as the rat could not be
found.

Case 2
The 16 year old boyfriend of the patient in Case 1 had
become ill at the same time, with two lesions on the
bridge of his nose and on the middle finger of his left
hand. He presented a week after his girlfriend, with
ulcerated lesions of up to 1.5 cm diameter with black
scabs in the center (as shown in figure 2 [Case 1]) and
similar general symptoms. He also had cervical lymph-
adenopathy. A bacteriological wound swab did not yield
any viral strains.

The patient had played with the white rat, together
with his girlfriend and did not have any memory of
receiving a bite. 

At the RKI, cowpox virus was confirmed in the scab
specimen, and the serum antibody titers were massively
raised (IgG 1:20480; IgM 1:5120).

Case 3
Three weeks after patients 1 and 2, a 32 year old man
presented to Krefeld's dermatology hospital, who had
received treatment with cefuroxime from his primary
care physician for 5 days for a skin lesion on his left

Figure 1: Case 1, early stage cowpox lesion, onset of ulceration, on patient's shoulder

Figure 2: Case 1, fully developed ulcerated cowpox lesion on the forehead, with black
scab and inflamed margin (photograph taken about a week after the photograph shown in
figure 1) 
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hand. The lesion had developed into an ulcer with a dark
scab and inflamed margin (as shown in figure 2 [Case1])
after the patient had had wound surgery to uncover a
suspected abscess. His raised temperature of up to 39.3
degrees Celsius had not receded completely. 

Meticillin sensitive Staphylococcus aureus and
hemolytic group G streptococci were cultured from a
wound specimen. 

A short while before, the patient had purchased 3
white rats in a pet shop in Mönchengladbach, of which 2
had developed respiratory symptoms and had then died. 

Examination of biopsy samples and serum from this
patient identified a viral strain that was consistent with
the causative agent of the first 2 cases in the DNA
sequence of the hemagglutinin gene.  

Case 4
At the beginning of May 2008 (2 weeks after patient 3),
a 17 year old boy presented to the emergency admissions
unit at the HELIOS Klinikum Krefeld with a painful
periorbital swelling of his left eye. Owing to a suspected
diagnosis of complicated sinusitis he was initially
admitted to the ear, nose, and throat department. After he
had developed severe conjunctivitis, he was discharged
from inpatient treatment with a diagnosis of epidemic
keratoconjunctivitis. 

Five days later he presented to the emergency depart-
ment again, with a massive swelling and erythema of the
eyelids of his left eye and small ulcerations in the nasal
orbital angle (figure 3). Physical examination found a
bland crusty skin lesion, ca. 1 cm in diameter, on the
patient's abdomen (figure 4). 

When asked for animal contact, the patient reported
having purchased a white rat in a pet shop in Krefeld
several weeks earlier. The rat had developed brown
lesions on its paws and had shown reluctance to walk.
He had killed the animal, "to spare its pain and shorten
its suffering." He had not considered the wound on his
abdomen important. 

Infection with cowpox virus of the same strain as that
observed in the other 3 cases was confirmed by real time
PCR/sequencing from eye secretions and scabs from the
abdominal lesion and by specific antibodies in the
serum (IgG 1:5120,  IgM 1:2560).

Since the patient's left eye seemed at risk, treatment
was initiated with cidofovir, an inhibitor of viral DNA
polymerase.

The patient's subsequent treatment is not fully com-
pleted; it is likely to include surgical correction of entro-
pium (the inversion or turning in of the border of the
eyelids) because of scar formation. After the treatment is
concluded, details of the clinical course and the treat-
ment of this particular patient will be reported elsewhere.

Case 5
In early November 2008, the pathology institute at the
HELIOS Klinikum Krefeld received an excision biopsy
from the cervical soft tissues of an 18 year old woman
for assessment because of suspected malignancy. The
investigating pathologist remembered histopathological

Figure 3: Case 4, massive swelling of eyelid in cowpox infection, satellite lesion in nasal
orbital angle 

Figure 4: Case 4, non-inflamed, scabby, older cowpox lesion on abdominal skin
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changes—such as blister formation with ballooning
degeneration and keratocyte necrosis—which had been
noticed in March of that year in specimens taken from
patient 1. 

Further investigations found a temporal association
with 2 white rats purchased shortly beforehand in
Wesel, which had become ill and died subsequently. A
finding of specific DNA embedded in a paraffin block
and further tissue specimens as well as high serum anti-
body titers again confirmed infection with the known
cowpox virus strain. 

Because of extensive necrosis formation, the patient
needed inpatient treatment with surgical revision. 

Four more rats owned by the patient also fell ill and
died. All 6 rats tested positive for cowpox virus on serol-
ogy and molecular biology. The nucleotide sequence of
the hemagglutinin gene of the isolated viruses was
identical with the human isolates described here. 

Case 6
In November 2008, the 23 year old boyfriend of the
patient of Case 5 was transferred from a peripheral hos-
pital to the lung center at the HELIOS Klinikum Krefeld
with suspected absceding pneumonia. He had had a dry
cough for about 10 days and his general condition had
deteriorated and he was severely feverish. 

Radiologically, bilateral pulmonary round focal infil-
trations were found but no sign of abscesses. Bronchos-
copy with bronchoalveolar lavage (BAL) found signs of
acute bronchitis in the entire bronchial system but no
distinct papular or vesicular efflorescences. Microbio-
logical and serological investigations, including blood
cultures and diagnostic tests for tuberculosis, remained
inconclusive. The patient tested negative for HIV anti-
bodies and was immunocompetent (560 T-lymphocyte
helper cells/µL). No signs of a tumor or lymphoma were
found.

Treatment with ceftriaxone/clarithromycin was con-
tinued at first; later, therapy was swapped to piperacil-
lin/subactam plus doxycycline owing to continued
feverish episodes of up to 40 degrees Celsius, especially
at night. Subsequently, the fever and the initially notably
raised inflammatory parameters in the serum continued
to fall. 

Because of the known cowpox infection of the
patient's girlfriend, whose rats he had come into contact
with, BAL fluid, pharyngeal swab, and EDTA blood
were tested. A biopsy specimen taken specifically from
a pulmonary focus during a second bronchoscopy was
tested for cowpox virus DNA, and the serum was ana-
lyzed for specific antibodies.

In the BAL fluid and the biopsy specimen, a small
number of copies of cowpox DNA was found, but the
pharyngeal swab (to exclude contamination owing to
pharyngeal enanthema) and EDTA blood were negative
on PCR. Compared with a previous examination the
patient had seroconverted (together with his girlfriend,
who was already ill at this point in time) (IgG 1:80, IgM
1:20 on 12 November 2008; IgG 1:20480, IgM 1:2560
on 27 November 2008).

Extensive examination of the entire integument by a
dermatologist and of the oro-naso-pharyngeal region by
a specialist in ear, nose, and throat medicine did not find
efflorescences that indicated cowpox.

His radiological findings improved only slowly but
gradually, so the patient was treated on an outpatient basis
after clinical improvement and 2 and a half weeks'
inpatient treatment. The patient rejected transbronchial
biopsy of a remaining radiological focus in early 2009.

Synopsis of the case reports
The clinical findings, together with molecular biological
and serological findings, without doubt confirm infec-
tion with cowpox virus in the first 5 patients, which was
obviously transmitted by white pet rats.

Since the lesions of patients 1 and 2 developed simul-
taneously and both patients went through the different
stages, the authors assume a common source of infection
(pet rat) and exclude human to human transmission—
something that has not been described in the literature
to-date either.

The severe eye infection in patient 4 was most proba-
bly caused but contact infection of the chronologically
earlier abdominal lesion by the patient himself.

In Case 5, an identical strain of cowpox virus was iso-
lated from the patient and her rats—an unequivocal con-
firmation of transmission from rat to human.

In all investigated cases, cowpox viruses were isolated
that had an identical nucleotide sequence of the complete
open reading frame of the hemagglutinine gene (921bp).
This only weakly preserved gene is used for typing and
molecular-epidemiological differentiation of different
isolates of cowpox virus (11, 12). 

The immunofluorescence test used by the RKI for
serological investigations is genus specific for infec-
tions with orthopoxviruses (13). The cross reactive
variola viruses, monkeypox viruses, and vaccinia viruses
from this genus did not need to be considered for differ-
ential diagnosis. 

The pulmonary involvement in the 6th patient—
which has thus far not been described in the literature—
could not be confirmed because of lacking bronchoscopic
findings. An etiological contribution of the cowpox
virus could not be excluded in this case because:

� In spite of comprehensive attempts to find a differ-
ent cause of the patient's illness, none was found

� The causative strain was confirmed
� An epidemiological association existed
� Pulmonary involvement has been documented in

several animal species, including rats.

Discussion
Illnesses caused by cowpox virus develop in humans
typically after an incubation period of 8 to 12 days. They
are mostly located on the hands, face, or trunk, with a
sequence of papule, vesicle, pustule, hemorrhagic ulcer-
ation with dark scabs, and subsequent healing with scar
formation, which may take several weeks (figures 1, 2,
4). The pathology is accompanied by regional lymphade-
nopathy and general symptoms. Bacterial superinfections
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and involvement of the eyes and oral mucosa can develop;
an unusual disease course is not uncommon.

As these cases have shown, the diagnosis is often made
with a delay, after several diagnostic and therapeutic
detours.

The cases observed in the Krefeld region obviously
indicate the start of a current wave of supraregional
cases of infection and illness due to cowpox virus in pet
rats and their owners. Since the end of 2008 further
cases have been reported from the Munich region (14),
North Rhine–Westphalia (Aachen, Recklinghausen, and
Bielefeld regions), and neighboring countries (France,
Netherlands). By the end of February 2009, 21 cases had
been confirmed from Germany and at least 6 from
neighboring countries. Because of the confirmed geneti-
cally identical hemagglutinine gene of the causative
strain, events can be assumed to be epidemiologically
related. 

Because of the usually very close contact of the
owners with their pet rats the zoonotic potential has to
be categorized as high. The persons who have become
ill so far are mainly adolescents and young adults who
have not been vaccinated for smallpox since the early
1980s when the vaccination program was halted. This
vaccine also confers relative protection against other
orthopoxviruses.

In patients with wounds that do not heal easily and
are consistent with the described morphology, animal
contacts should be assessed and cowpox virus infection
should be tested as a differential diagnosis.

The virus can be confirmed by PCR in the acute phase
from exudates, contents of pustules, scabs of skin lesions,
and other clinical materials. 

The treatment of the mostly self limiting illness is
symptomatic by covering wound dressings. Surgical
interventions may prolong the healing process and
should be used sparingly. Antibiotic treatment is required
only in patients with a bacterial superinfection. The
benefits of antiviral treatment or anti-vaccinial-
hyperimmunoglobulin is not well documented in the
literature, and these options should be reserved for very
severe disease courses. The patients should be alerted to
the risk of contact infection, for example, of the eyes.
Person to person spread has not been observed thus far.

Because of the current situation described in this
article, intense attempts are being made to detect the entry
pathway of this infection. Investigations in 3 of the 4 pet
shops in 3 neighboring towns that were implicated in the
first 4 cases did not confirm with absolute certainty the
presumed epidemiological association. However, further
investigations from early 2009 have shown that all infected
rats that were purchased in different pet shops came from
the same wholesaler. This wholesaler receives about 1500
rats per week from a breeder in another European country,
who also delivers to other wholesalers.

With regard to the possible trade in asymptomatically
infected animals, routine investigation in German whole-
salers is not a promising option at this point in time.
Currently, further pet shops, breeders, and retailers are
being inspected in order to determine the exact origin

and further whereabouts of the already sold infected rats
and thus avoid further spread of this zoonosis. In the
past 4 months, more than 130 000 rats have entered the
German market from the breeder implicated in these
cases, so that more cases of cowpox have to be expected. 
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